The quality and characteristics of grape are fundamentally determined by its biochemical components. Quantitative detection of these components in berries is a classic method to evaluate grapevine resources. However, fruits are not always available for the new generated grape plantlets due to their long juvenile stage (3 to 4 years), as well as for many other potential valuable germplasm resources, such as wild grapes. Therefore, an effective berry-independent method for grapevine evaluation should have great significance. Data were provided from both leaves and berries for 2 groups of grapevine: one group is 12 genotype different varieties or species from environmental similar collections; the other group is one variety of wine grape with 18 different treatments. After quantitative correlation tests, 9 in total 11 detected parameters in genotype different (GD) group and 5 in 9 detected parameters in treatment different (TD) group, respectively, were significantly correlated between leaf and berry, respectively were found. Higher correlation coefficients were found in GD group than in TD group. Parameters of leaf reducing sugar, total flavonoids and superoxide anion scavenging capacity were found significantly correlated to berry, in both groups. These parameters with significant correlation may potentially be used as metabolite markers to estimate the qualities and characters of some new grapevine germplasm, by using the obtained data from leaves. The prospects of this leave-dependent evaluation method have also been discussed in this report.
INTRODUCTION
Grapevine is one of the most widely planted fruits in the world, and a large proportion is used for wine making. The pursuing for high quality, distinctive features and high adaptabilities of cultivars raises the needs of rapid development of wine grape breeding. At present, thousands of varieties have been developed and many of them broadly utilized in wine industry for their good quality or distinctive adaptation characters all over the world (Alleweldt and Possingham, 1988; This et al., 2004) . New cultivars of grape are always generated from crosses using inter or intraspecific grapevine resources or domesticated from wild grapes (Vitis species) (Reisch et al., 2012) . Regardless of the origins of a new variety, the systematic evaluation will be essential before it can be applied in viticulture. In order to select efficiently appropriate cross parents and screen out elite offspring, systematic evaluation of large amount of germplasm resources and cross progeny is indispensable, but a long-term and hard-task process (Alleweldt and Possingham, 1988; Nejatian, 2006) . Traditionally, to evaluate potential grapevine germplasm, the candidates should be grown until they produce fruits. Adaptability and other agronomic features can be evaluated during the juvenile stage. The most important procedures are the biochemical evaluation of the berries, which have to wait for 3 to 4 years from planting the cross progeny as a result of the long juvenile stage of grapevine. Nowadays, the quality evaluation procedures is always carried by qualitative and quantitative determinations to berry composition (Guidetti et al., 2010; Shiraishi et al., 2010) , and the long delay between juvenile stage to productive stage becomes a bottleneck of rapid selection. Moreover, collection of ripen grape berries from some potentially useful wild species in natural conditions also has difficulties, because of the unpredicted mature time and birds feeding. In contrast, grape leaves of any development stages is easily harvest, especially for wild resources. Therefore, if a leaf-dependent pre-evaluation method can be successfully applied in berry evaluation, time and workload in vine breeding will decrease dramatically. Sine after an earlier leafy compositional and quantitative screening, one could only focus on those most potential candidates. While most of these biochemical characters have not any detectable genetic marks for this purpose.
Moreover, if quantitative responses of certain metabolites in fruits always correlated significantly to their leaves, one may predict the effects of environmental perturbations on berry composition based on results from a leaf or tissue assays. Despite its potential importance, there are no studies assessing the quantitative correlation of biochemical traits between leaf and fruit in plants. In this research, the correlation of several important biochemical traits were tested between leaf and berry from various grape varieties, as well as one cultivar but treated differently. A leaf-dependent prediction method for berry evaluation was then proposed based on the analyzed quantitative correlations of these detected traits. Many of these detected parameters such as sugar, acidity, flavonoids, phenols contents, and anti-oxidative capacities are fundamental in grape quality and characteristic evaluation.
MATERIALS AND METHODS

Plant and experiment design
Commercially ripen fruits and full developed healthy leaves of 11 varieties of grapevines (Vitis vinifera) and a wild species (Vitis heyneana) were sampled and used in the quantitative analysis for measuring some biochemical and physiological parameters, from vineyards in Qiubei county, Yunnan province, China in 2012 as genotype different (GD) group. Grape cultivars in GD group include Yan73 (v1), Beijixing (v2), Xiahei (v3), Rose honey (v4), Crystal (v5), Cabernet Sauvignon (v6), Red rose (v7), Faguoye (v8), Zhengzhou Dawuhe (v9), America No.1 (v10), Merlot (v11) , and a wild species V. heyeara (v12). All these field-grown grapevines in a germplasm collection were 5 to 7-year old, spur pruned, with a density of 1.6 m between rows and 1 m between plants. Vineyard management followed the local standards. Another 18 samples as treatment different (TD) group, were harvested from a wine grape cultivar cv. Rose Honey growing in a commercial vineyard (5-year old, also spur pruned, with a density of 1.2 m between rows and 0.9 m between plants) with 18 combinations of fungal regents and pesticides. Vines were separated into 2 parts and one part inoculated with 8 different strains of fungi with a non-fungus inoculation control, and followed the local management for 4 times of pesticides applying. Other parts were also inoculated with the same strains of fungi and a non-fungus inoculation control, but without any pest controlling (pesticides free). Each single treatment contains 10 grapevines. The purpose of this treatment was to create the quantitative variation of metabolites in grapevine.
Vines without obvious visible disease symptoms of each variety were sampled randomly from at least 6 plants of GD group. Samples from every 2 vines pooled as one replicate for both leaf and fruit, respectively for each variety, and preserved in an ice box, delivered to lab within 4 h for processing. For berry sampling, 2 ripen clusters for every vine were taken. For leaf samples, almost the same position (4 to 6th from the bottom of the fruit cane), similar size, full developed healthy leaves were sampled. Samples of TD group were harvested with the same method above at berry ripen stage (67 days after treatment). Six grapevines were also sampled and samples (both fruit and leaf) from every 2 grapevines were pooled as one replicate.
Determination of physio-chemical traits
Pre-treatment of leaf and berry samples
All leaf samples were cut into about 1 cm 2 pieces for each sample. Randomly selected ripen berries were picked off from clusters of each replicate sample and well mixed up. About 20 g of leaf pieces and randomly selected berries for each samples were homogenized into fine powder in liquid N2 with a stainless grinder and transferred to a 50 ml tube, then stored at -80°C for reducing sugar, titratable acidity, total phenols, soluble protein and enzyme activity analysis; the rest of the samples were dried in wind-oven following a program of 110°C for 10 min, 80°C for 48 h (72 h for berries) and then ground into fine powder with a stainless grinder for the measurement of total flavonoids content, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical, and superoxide anion savaging capacities.
Determination of reducing sugar (RS) and total sugar (TS)
Fresh sample (1 g) was added with 4 ml 1 mol/L zinc acetate (containing 3% glacial acetic acid) and 4 ml 0.25 mmol/L potassium ferrocyanide, and extracted in 80°C for 10 min with 2 times of vortex. The mixture was centrifuged at 5000 rpm and the supernatants was adjusted to pH=7 by adding calcium carbonate powder. After 30 min in 60°C water bath with several times of vortex, the solution was cooled to room temperature, and metered the volume to 10 ml with distilled water. After 10 min centrifuge at5000 rpm, the supernatant was titrated with alkaline tartrate copper solution A+B (Dygert et al., 1965) . The consumption of the supernatant was used to calculate the contents of RS. TS was obtained by pre-treating the homogenate with 6 mol/L HCL and then follow the same procedure as that of RS.
Titratable acidity (TTA)
Titratable acidity was determined by sodium hydroxide direct titration. About 1 g fresh sample was weighed and extracted in a boiling water bath for 30 min, vortex several times during the bath to get all the organic acids dissolved in the solution. After cooling to room temperature, the solution was centrifuged at 5000 rpm for 10 min, the supernatants was titrated with 0.01 mol/L standard solution of sodium hydroxide. The consumption of sodium hydroxide was used for total acid calculating, and described as the content of tartaric acid (mg/g fresh weight, FW).
Total flavonoids (TF) content
Total flavonoid content of berry and leaf were determined with dried samples by using the aluminum chloride colorimetric method (Willett, 2002) , with some modifications. Methanol extracts (0.5 ml), 10% aluminum chloride (0.1 ml), 1 M potassium acetate (0.1 ml) and distilled water (4.3 ml) were mixed after incubation at room temperature for 30 min. The absorbance was measured at 415 nm. Total flavonoid content was calculated by comparing the calibration with rutin trihydrate as standard substance.
Total phenols (TPh) content
Total phenols were determined according to the method of Forint phenol colorimetric. About 1 g fresh frozen sample was used to extract and determined the total phenols (Asami et al., 2003) . TPh content was standardized against gallic acid and expressed as milligrams per liter of gallic acid equivalents.
Determination of lipid peroxidation
Lipid peroxidation was estimated by measuring the concentration of thiobarbituric acid reacting substances (TBARS), as described by Dhindsa et al. (1981) . Fresh frozen tissue (0.5 g) was extracted with 10 ml trichloroacetic acid (TCA) 0.1% (w/v) for 10 min with 2 times of vortex. The mixture was centrifuged at 6000 rpm at 4°C for 10 min. 2 ml of supernatant were mixed with 2 ml 20% TCA solution (containing 0.5% (w/v) thiobarbituric acid. The mixture was heated at 95°C for 30 min, quickly cooled and centrifuged at 13,000 rpm and 4°C for 10 min. The absorbance of the supernatant was read at 532 nm with the values for non-specific absorption at 600 nm subtracted. TBARS concentration was calculated using the following formula (Heath and Packer, 1965) :
Determination of total soluble protein and antioxidant enzymes
Fresh tissue (1 g) was added with 10 ml of 0.1 mol/L potassium phosphate buffer (pH 7.0), containing 0.1 mmol/L ethylenediaminetetraacetic acid (EDTA)-Na2, 0.5 mmol/L ascorbate and 1% polyvinyl polypyrrolidone (PVPP) and stood for 30 min with several times of vortex. The mixture was centrifuged at 13,000 rpm under 4°C for 10 min. The supernatant was used for determinations of protein content and antioxidant enzyme activity. Total soluble protein concentration(SPr) was determined as described by Bradford (1976) using bovine serum albumin as standard. Superoxide dismutase (SOD) was determined by the nitro-blue tetrazolium (NBT) method (Dhindsa et al., 1981) , and guaiacol peroxidase (GPX) assay was performed using the method described by Amako et al., 1994) .
Activity of phenylalanine ammonia-lyase (PAL)
The extraction and determination of PAL was performed according to the method of Carolyn et al. (1996) , with some modifications as described by Xi et al. (2013) . Only samples from TD group were analyzed for PAL in this research.
DPPH radical scavenging capacity
Dried sample was ground into fine powder, and about 1 g was accurately weighed into a volumetric flask. DPPH radical scavenging active substances were extracted by adding 50% of ethanol and sonicating for 30 min in an ultrasonic chamber. The mixture was filtered and the filtrate was diluted into gradient concentrations for further detection. DPPH radical scavenging capacity was measured and calculated by using the method of Li et al. (2012) ; absorbance was read in a spectrophotometer (S22, Biochrom Libra, England) and results were described as percentage of DPPH radical scavenged (Li et al., 2012) .
Superoxide anion scavenging capacity (SA)
Preparation of gradient concentrations of sample extract is as the same process as DPPH radical scavenging capacity determination. The measurement of superoxide anion scavenging capacity was following the method of Li et al. (2012) , and the SA scavenging capacity was described as percentage of superoxide anion scavenged (Li et al., 2012) .
Data analysis
All data were reported as means ± standard variation values of 3 biological replicates, and analyzed by using the software of SPSS version16.0 (SPSS Inc., Chicago, IL, USA) for windows. One-way analysis of variance (ANOVA) and Duncan's multiple range tests were used for the significance determination with a significant level of 0.05. Pearson's correlation test was conducted to determine the correlations between parameters within or between leaf and berry.
RESULTS
Values of the detected parameters presented as means ± standard variation with different significances of all samples, including leaves and berries in different groups were listed and are shown in Tables 1 to 4, respectively. As genotype different resource, values of each parameter in GD group varied significantly (P<0.05), both in leaf and in berry (Tables 1 and 2 ). In TD group, the same cultivar was subjected to different treatments, and the values of every parameter also varied among treatments (Tables 3  and 4) . Therefore, quantitative variations of these parameters can not only be caused by genetic factors but also by the given treatments (environment factors).
However, coefficients of variation caused by genotype are obviously higher than that of the environment factors, especially on some primary metabolites, such as sugar and protein contents (Figure 1 ). Except few parameters, variations of different parameters between leaves and berries in GD group are very similar, however, greater variations of the detected parameters were found in berries than in leaves of the TD group (Figure 1 ). These variations promted us to assess the correlations of these traits between leaf and berry. Inter-parameters' correlation within leaf or berry for both GD and TD groups were detected and the result of correlation coefficients were listed and are shown in Tables 5 and 6 , respectively. Only smaller proportion (<11%) of inter-parameter pairs tested were with significant correlation within leaf or berry samples in both groups. In GD group, parameter pairs TS/RS, GPX/SOD and TF/SA showed significant correlations both in leaf and in berry. Significant correlation of inter-parameter pairs in TD group were also found, but only one inter-parameter pairs TF/SA showed significant correlation both in leaf and in berry in this group (Table 6 ). Correlation of different parameters within leaf (berry) implies the possible correlations of these parameters in metabolisms or functions. Interestingly enough, in coefficients of variation, there was also significant correlations between leaves and berries in both GD group (r=0.918; P<0.001) and TD group (r=0.870; P<0.05). Lower proportion of correlation as well as lower correlation coefficients of inter-parameter pairs within leaf (berry) samples ensured the effectiveness of following quantitative correlation analysis between leaf and berry.
Correlations between leaf and berry for every coordinate traits were tested for both GD and TD groups and the correlation coefficients are shown in Tables 7 and 8 , respectively. Out of the 11 detected biochemical parameters, 9 showed significant correlations between leaf and berry in GD group. Amongst, parameters of TS, RS, TTA, TBARS, GPX, SOD, and SA were correlation significant at P<0.01 level, with the correlation coefficients as high as 0.84, 0.87, 0.83, 0.80, 0.98, 0.87, and 0.97, respectively. In total flavonoids (TF) and total phenols (TPh), there was also significant correlation between leaf and berry in GD group at P<0.05 level, with the correlation coefficients of about 0.68 (Table 7) . Therefore, data of these correlation significant traits from leaf of GD group may be used to estimate the values of coordinating berry traits. In TD group, values of parameters RS, SPr, SA, and PAL correlate significantly between leaves and berries at P<0.01 level, with the correlation coefficients as 0.67, 0.52, 0.58, and 0.69, respectively. TF showed significant correlation at P < 0.05 level between leaf and berry with a correlation coefficient of 0.51. Parameters of TPh, SOD, and GPX showed significant correlations in GD group, while in these parameters, there was no significant correlation in the TD group (Table 8) . Amongst the parameters that detected simultaneously in both GD and TD groups, RS, TF, and SA showed significant correlation between leaves and berries. Therefore, significant correlations in values of some biochemical (Table 7) . Compared to GD group, more of such inter-parameter pairs between leaf and berry were found with significant correlation in the TD group. For some examples, leaf RS correlated significantly to berry TF (r=0.72), PAL (r=0.52), DPPH (r=0.65), SA (r=0.60); berry TF significantly correlated to leaf RS and SA (r=0.54); and berry PAL also significantly correlated to leaf RS, TF (r=0.62) and SA (r=0.48) at the same time (Table 8 ).
DISCUSSION
Correlative growth of different parts of plant has been well known, because of the continuously exchange of nutrients, metabolites, and signal molecules (Srivastava, 2002; Teale et al., 2006) . Compositional correlations between different organs of plants had also evidences. Some special substances detected in certain species of plant can always be detected more or less from other parts or organs in this species of plants (Neto et al., 1992) , and some of these compounds and existent patterns have been used as chemo-taxonomical parameters (Herl et al., 2008; Loreto, 2002; FigueiredoGonzález et al., 2012) . However, the quantitative correlation of biochemical components between different parts of a plant has not been systematically studied. In some earlier studies, correlations of some nutrients, such as N, Ca, K, P, Mg, etc., between or within plant leaves and fruits has been reported (Dris et al., 1999) . Correlations between metabolites in grape berries also had been studied which were focused more on correlations of inter-parameter within or between leaves and fruits, other than purposely designed to investigate the correlations of same-parameter pairs between different organs or parts of plant (Shiraishi et al., 2010) .
The later work has just tested the significance of correlations of the biochemical traits within grape berries. Plant cells from different parts or organs differentiated as cells with different phenotypes and functions, and will have different patterns of gene expression and the resultant metabolites. However, the high similarities of genetic background of these cells from different parts of one plant or same variety will share higher proportions of metabolic similarities compared to genetically varied cells as has proved again in this study (Figure 1) . Furthermore, cells in leaves or berries of a single plant always under similar environmental conditions and may respond to these factors coordinately to produce similar defense metabolites, due to the continuously exchange of all kinds of transportable metabolites, including some defense compounds among different parts of tissues (Jørgensen et al., 2015) .
Therefore, the existence of some metabolites with coordinating concentrations in leaves and fruits is expected. The obtained data have provided evidence and proved the existence of such kind of values' co-vibaration of some parameters between leaf and berry of grapevine as indicated in Tables 7 and 8 , implies the possibility to predict some berry quality-related parameter values by using values from leaves or other parts of vines. In addition, the increase of sample numbers will Increase the significance of correlation coordinately, since randomly take off of any sample datum will decrease the significance and coefficient of correlations. According to the aforementioned analysis, it is impossible and unreasonable to expect all metabolites having quantitatively coordinated concentrations in different parts of plants, because of the positional and functional differences of cells.
However, it will be of great significance if some parameters or components of interest such as sugar, organic acids, flavonoids, phenols, etc., to show this kind of correlations. On the base of these correlations, it will be allowed to develop a berry-independent method for berry pre-evaluation. The values of several parameters for 2 groups in both leaf and berry samples of grapevine were measured. GD group were different varieties but shared the similar environmental conditions, and TD group were same variety, but treated with different factors. Nine of 11 and 5 of 9 of the detected parameters in GD and TD group, respectively, showed significant correlation in values' variation between leaf and berry. Parameters of TS, TF and SA in leaves are significantly correlated to berries, both in GD and TD groups. Therefore, values of parameters TS, RS, TF, TTA TPh, GPX, SOD, and SA of leaf can be used to estimate the values in berry for the genotype differed materials but grow in similar environmental condition. Amongst sugar, acidity, and antioxidants such as total flavonoids and phenols are always important parameters for berry quality evaluation. Leaf values of parameters RS, TF, SPr, SA, and PAL can be used to estimate the corresponding values of berries for the same genotype materials but treated differently. Although, all these mentioned parameters have significant correlation in one or both groups, but correlation coefficients in GD group were obviously higher than in the TD group as indicated in Tables 7 and 8 ; which implies this leaf-dependent berry quality evaluation will be more reliable for those genotype varied candidates.
Theoretically, parameters which have significant correlation in values between leaf and berry, leafy values can potentially be used to estimate the ranges of the corresponding traits of berry. But how to make the estimation more accurate should have some strategies, both in experiment designing and choices of indicator leaves. Genetic differed grapevines growing at similar environment can be evaluated by just comparing the leaf values of certain parameter amongst the candidate materials, because of the higher variation coefficients among different genotypes and higher correlation coefficients of certain traits between leaf and berry ( Figure 1 , Tables 1 to 4, 7 and 8). More traits including some special groups of metabolites, such as organic acids, free amino acids, flavonoids, tannins, stilbenes or even anthocyanins, etc., that are not only closely related to the quality of grape but also vibrate coordinately in leaf and berry need to be developed. As for the choice of indicator leaves, almost the same physiological conditioned leaves should be chosen as indicator leaf as has been described in materials and experimental design. The fact that the existence of significant correlation of some inter-parameter pairs between leaf and berry, implies that values of some leafy parameters could also be used as indicators of some other parameters in berry, as already suggested in some similar studies (Dris et al., 1999) . For examples, values of SA in leaf can be used to estimate the values of TF and DPPH in berries, and the leafy TF values can also be used to indicate the values of certain berry DPPH. As for TD group, beside the different treatments, grapevines of the same cultivar also grew under environmental conditions, the effects of different treatments on some leafy parameters could also be used to estimate the effects on corresponding traits of berries. While more parameter pairs including same-and inter-parameter pairs were found to be significantly correlated in TD group than in GD group, the relatively lower coefficients of correlation in TD group may limit the accuracy of estimation. However, as a purpose of primary estimation, it is enough for making a decision.
One might notice that this pre-evaluation method cannot evaluate the resources integrally for multiple agronomic characters. It could only be applied as one of an assistant method in early stages of screening from numerous candidates, especially for certain biochemical trait screening, for some examples, the selection of higher sugar content, special sugar/acid ratio, or higher flavonoids content materials, etc., whereas the final evaluation to resources should still be dependent upon the formal ways of evaluation, but at this time focus only on the mostly potential candidates.
Except for providing a leaf-dependent berry preevaluation method, the obtained results have also provided a basic relationship between results from in vitro and in vivo experiments. Nowadays, many elicitors have proved to be able to induce or modify certain kinds of secondary metabolite in grape suspension cells (Tassoni et al., 2012; Cetin et al., 2014; Cai et al., 2011; Chao et al., 2015) , but if all these elicitors or factors can also cause similar responses in grapevine at plant level or fruits, is still lack the theoretic basis. In fact, some elicitors or factors did cause similar secondary metabolic responses both at plant and cell level of grapevine. For some instances, ABA can promote the synthesis of anthocyanins in certain line of grape cells (Gagné et al., 2011) , in vitro cultured grape berries (Hiratsuka et al., 2001) , and can also promote the coloration of fruits at plant level (Jiang and Joyce, 2003; Pirie and Mullins, 1976) . The UV-B can induce the accumulation of resveratrol and other secondary metabolites responses where ever in suspension cells, in vitro tissues and in vivo of vine (Li et al., 2008; Zamboni et al., 2006) . The present study has given a good explanation for these similar responses to same factor, but in different type of experimental materials. However, whether exist significant correlations in value vibration of these responding effects between in vitro and in vivo experiments needing further evidences.
